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© Inductively coupled plasma spectrometers and radio - frequency power supply therefor. 

© The invention provides methods and apparatus for atomic emission spectroscopy and for mass spectrometry 
which make use of an inductively coupled radio-frequency plasma torch. A radio-frequency power supply 
supplies energy to a plasma induction coil via reflectometer means and a matching network. A signal indicative 
of reflected power generated by the reflectometer is used to set the frequency of the power supply to the 
resonant frequency of the matching network and plasma induction coil, thereby ensuring the maximum efficiency 
of power transfer irrespective of the state of the plasma. Preferably a solid state power amplifier is employed in 
conjunction with a lower power variable frequency oscillator. Means for ensuring proper ignition of the plasma 
while maintaining the frequency of the power generator within a governmental^ specified frequency band are 
also provided. 
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Reld of the Invention 



This invention relates to a method of and apparatus for atomic emission spectroscopy and mass 
spectrometry which make use of an inductively coupled radio-frequency (RF) plasma torch. In particular it 
relates to methods and apparatus for automatically maintaining optimum tuning of the torch RF power 
supply in response to changes in the electrical properties of the plasma, especially during its ignition. 

Background to the Invention 
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An inductively coupled plasma (ICP) is formed by coupling the energy from a radio-frequency (typically 
2kW at 27-50 MHz) magnetic field to free electrons in a suitable gas. The magnetic field may be produced 
by a two-or three-turn water-cooled coil and the electrons are accelerated around the magnetic field lines 
that run axially through the coil. The plasma must be struck by introducing "seed" electrons into the gas 
for example by means of a spark discharge, but once these are present in sufficient quantity and have 
enough energy the plasma becomes self-sustaining. The power from the radio frequency field is coupled 
directly into the plasma which can reach 10.000- in its hottest regions. If a sample is introduced into the 
plasma it is atomized and may be analyzed, typically for elemental composition, by atomic emission 
spectroscopy or by mass spectrometry. In the former case, radiation from the plasma is spectroscopically 
analyzed while in the latter case ions generated in the plasma are sampled from the plasma and introduced 
20 into a mass analyzer. 

In prior ICP torch power supplies the plasma induction coil is connected in a tuned circuit which is 
energized by an RF power generator at its resonant frequency. In this way optimum efficiency is obtained 
because the reflected power from the coil is minimum at the resonant frequency. However, the impedance 
of the coil, and hence the resonant frequency of the tuned circuit, vary with the state of the plasma For 
example, there are significant changes in the resonant frequency when the plasma is ignited and when the 
composition of the sample and gas flows to the plasma are changed. Two solutions to this problem are 
known. First, a fixed-frequency RF generator may be used in conjunction with a tuned circuit and matching 
network comprising variable capacitors and for inductors which are motor driven in a servo-control loop 
arranged to maintain the resonant frequency of the coil tuned circuit at the generator frequency Such a 
system is described in US Patent 4.629.940. Although extensively used it requires the provision of 
physically large and expensive variable capacitors and motors and because of the relatively slow speed at 
which the motors can operate, is not particularly effective at coping with sudden changes in the state of the 
plasma. 

The second prior method, described in several variations in US Patents 3.958883 and 4 337 415 
European Patent 281157. and by H. Linn in ICP Information Newsletter 1976 vol 2 (2). employs what is 
known as a "free-running" oscillator in which the tuned circuit comprising the plasma induction coil is also 
the circuit element which determines the frequency of oscillation. Free-running oscillators automatically 
achieve optimum power transfer but suffer several other disadvantages in practice, for example, thq major 
power components (eg thermionic tube, etc) of the RF generator must be mounted close to the plasma 
induction coil, resulting in a physically large torch assembly which is inconvenient in use. Free-running 
oscillators used for ICP torches are also more difficult to start than a fixed-frequency oscillator and are 
difficult to implement with solid-state electronics. 

A variation of the free-running oscillator ICP torch power supply is disclosed in US Patent 4629 887 In 
this generator, the frequency of the oscillator is determined by a parallel resonant circuit which is 
capactively coupled to the plasma induction coil. The coupling capacitor and induction coil are arranged to 
present a substantially resistive load to the generator under normal plasma conditions. This arrangement 
provides improved operating stability and exhibits less frequency variation with changing plasma conditions 
than the conventional free-running oscillator. 

It is an object of the invention to provide an ICP emission spectrometer or mass spectrometer having an 
improved torch RF power generator which overcomes or substantially mitigates the disadvantages of prior 
generators, and which can easily be implemented with solid state power devices. It is a further object to 
provide means by which optimum power transfer from the RF generator to the plasma is automatically 
maintained, irrespective of the state of the plasma. 

55 Brief Summary of the Invention 

According to th invention there is provided an ICP Mass - or emission-spectrometer having a plasma 
induction coil, a rad.o-fr quency power generator whose frequency is determined by an analogue frequency 
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control signal and a matching network containing only fixed-value electrical components for efficiently 
transferring power from said gen rator to said plasma induction coil; said spectrometer characterized by 
reflectometer means disposed between said generator and said matching network for generating a signal 
indicative of the reflected power at the output of said generator, and frequency control loop means for 
s generating said analogue frequency control signal in response to said signal indicative of the reflected 
power whereby the frequency of said RF power generator is adjusted to maintain said reflected power at a 
minimum. 

Conveniently the RF power generator comprises a voltage-controlled oscillator (VCO) and an RF power 
amplifier which drives the plasma induction coil via the matching network. A reflectometer (typically a bi- 
ro directional coupler) is connected in series with the feed to the induction coil and provides a signal indicative 
of the reflected power at the output of the amplifier. This signal is used to automatically adjust the 
frequency of the RF power generator to minimize the reflected power. In this respect the power generator 
behaves in a similar manner as the prior "free-running" oscillators but has the advantage over the prior 
oscillators that the oscillator itself operates at low power and both it and the power amplifier may be located 

is remote from the plasma induction coil. Further, the matching network does not require the variable 
components which are essential for the other type of prior oscillators, and because the control loop of the 
present invention involves no mechanical components, matching is achieved very rapidly. Another advan- 
tage of the invention over the free-running oscillators is that the power output of the oscillator may be 
maintained at a low level when required because unlike the prior oscillators, feedback within the oscillator 

20 itself is independent of the output power. 

Preferably the power amplifier comprises solid-state amplifying devices rather than the thermionic tubes 
usually employed in prior generators. 

In further preferred embodiments the output of the power generator is determined by an analogue 
power control signal and the reflectometer means may further generate a signal indicative of the forward 

25 power delivered to the matching network. Power control loop means, responsive to the signal indicative of 
forward power and an operator demanded power level may be provided to generate the analogue power 
control signal and stabilize the forward power at the operator demanded value. 

Conveniently, both the frequency and power control loop means can be implemented by digital 
computing means, typically a microprocessor. The analogue forward and reflected power signals from the 

30 reflectometer means may be digitized and sampled at regular intervals by the computing means in which 
both the frequency and power control loops may be implemented in software. The computing means may 
generate digitized frequency and power control signals which are then converted to the corresponding 
analogue signals for controlling the RF power generator. 

The nominal frequency of the voltage controlled oscillator and the resonant frequency of the matching 

35 network and plasma induction coil when the plasma is ignited are advantageously selected to lie in the 
frequency band governmental^ allocated for industrial use. Limiting means may be provided for ensuring 
that the oscillator frequency cannot move outside this frequency band, therefore eliminating the need for 
heavy RF shielding of the matching network and the plasma induction coil. In order to prevent damage to 
the amplifier, RF generator protection means may be provided to reduce the amplifier output to a safe level 

40 when these frequency limits prevent the oscillator frequency tracking the resonant frequency of the 
matching network and maintaining an acceptable impedance match. This feature is especially valuable 
during plasma ignition because the coil impedance with an unignited plasma is typically such that the 
resonance of the matching network will lie outside the permitted frequency range. To facilitate ignition of the 
plasma, the seed electrons required may be introduced by means of plasma ignition means comprising a 

45 corona discharge from an electrode disposed in the ICP torch connected to a high-voltage oscillator which 
is activated by the microprocessor. To ignite the plasma, the microprocessor may start the high voltage 
oscillator and simultaneously switch on the power amplifier. Because the plasma is not established the 
oscillator frequency is likely to immediately track to the limit of its acceptable range without coinciding with 
the resonant frequency of the matching network and the resulting high standing wave ratio will activate the 
so RF generator protection means. Preferably the action of the protection means will be delayed by the 
microprocessor for a period long enough for the plasma to become established and the oscillator to lock to 
the resonant frequency, but short enough to avoid damage to the amplifier before the reflected power is 
reduced to an acceptable level as a consequence of the oscillator locking to the resonant frequency of the 
matching network. 

55 
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Description of the Drawings 

Figure 1 is a schematic diagram of an ICP emission spectrometer according to the invention; 

Figure 2 is a schematic diagram of an ICP mass spectrometer according to the invention; 

Figure 3 is a diagram of an RF power generator suitable for use in the spectrometers 'of Figure 1 and 

Figure 2; and 

Figure 4 is a plot of the input impedance against frequency of a matching network suitable for use in the 
generator of Figure 3. 



Description of the Preferred Embodiment 



Referring to Figure 1, an ICP emission spectrometer comprises an ICP torch 1 for generating a plasma 
2 by means of the magnetic field generated by a plasma induction coil 3. Inert gas (usually Argon) is fed to 
the torch 1 by a gas supply unit 4, and a sample to be analyzed is introduced into a sample introduction 
device 5 which atomizes the sample by means of a nebulizer or electrothermal vaporizer and supplies it 
entrained in another flow of inert gas to the torch 1 . 

In the plasma 2, sample atoms or molecules become excited and emit spectral radiation 6 which is 
received by an optical transfer arrangement schematically represented by the lens 7 and transmitted to a 
dispersive spectrometer 8. Typically, spectrometer 8 comprises a diffraction grating 9 and a multichannel 
detector 10 which simultaneously records at least a portion of the spectrum produced by the grating 9. 
Signals from the multidetector 10 are received by a signal processor 11 which produces a spectrum of the 
radiation 6. A computer 12 controls the signal processor 11 and allows further processing of the spectral 
data. 

The plasma induction coil 3 is powered by a radio-frequency power generator 13, described in detail 
below, which may also be controlled by the computer 12. 

An ICP mass spectrometer according to the invention, shown in Figure 2, is similar. Items 1 - 5 and 13 
are substantially identical to the correspondingly numbered items in Figure 1. Ions formed in the plasma 2 
are sampled through a small hole in a sampling cone 14 and pass into a two-stage pressure reduction 
system comprising two evacuated chambers 15, 16 separated by a skimmer cone 17. A quadrupole mass 
filter 18, disposed in a third evacuated chamber 19, is provided to filter the ions which enter it through holes 
in a diaphragm 20 and the ion transfer lenses 21 and 22. An electron multiplier 23 receives the mass 
filtered ions from the mass analyzer 18 and an amplifier 24 and computer 25 are used to generate a mass 
spectrum of the ions. Computer 25 is also used to control the mass filter 18 and the plasma torch power 
supply 13. 

Figure 3 shows the RF power generator 13 in greater detail. The frequency of an oscillator 26 
(conveniently a voltage controlled oscillator) is determined by an analogue frequency control signal applied 
to its frequency control input 39. The output of the VCO 26 is coupled to the input of a solid state RF power 
amplifier 29 which is capable of delivering up to 2KW of RF power into a 50 ohm load and whose output 
power can be set at any desired level by means of an analogue power control signal applied to its power 
controlling input 38. 

The output of the RF power amplifier 29 is fed via reflectometer means 31 (conveniently a bi-directional 
coupler) and a 50 ohm impedance transmission line 30 to a matching network 32 which in turn transmits the 
RF power to the plasma induction coil 3. The purpose of matching network 32, which comprises fixed value 
capacitors 27, 28 and a fixed value inductor 33, is to efficiently transmit the power from the RF generator to 
the plasma. Capacitor 41 represents parallel capacitance which appears in practice across the coil 3 due to 
its construction. As explained, the reactance of the plasma induction coil 3 is dependent on the state of the 
plasma, for example whether or not it is ignited and on the nature of the sample introduced into the torch 1. 
The matching network 32 is located adjacent to the plasma induction coil 3. 

For optimum power transfer the matching network 32 must present a 50 ohm resistive impedance to the 
power amplifier 29, irrespective of the reactance of the coil 3. Consequently, the matching network 32 is 
designed to have a resonance at the nominal frequency of the oscillator 26 when the plasma is ignited at 
which resonance its input impedance is arranged to be as near as possible to 50 ohm resistive. If the 
reactance of the plasma induction coil 3 changes due to a change in state of the plasma, the signal on the 
reflected power output 35 of the reflectometer 31 will increase. This signal is applied to the frequency 
control input 39 of the oscillator 26 via an analogue-to-digital converter 42, a control loop means 36 
(implemented in software running on a digital computer 40 provided for controlling the entire power 
generator) and a digital to analogue converter 43, and causes the frequency of the oscillator 26 to be 
adjusted until the reflected power is minimized. In this way the frequency of the oscillator 26 is adjusted to 
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the new resonant frequency of the matching network and optimum power transfer fficiency is maintained. 

The nominal oscillator frequency under normal ignited plasma conditions is arranged to be 27.12 MHz, 
in the centre of frequency band governmentally specified for operation of such apparatus without extensive 
RF shielding. Once the plasma is ignited, the oscillator will track the resonant frequency variations which 

5 are likely to be encountered during all operations with an ignited plasma without moving outside the 
permitted frequency band. However, with certain torch designs the resonant frequency when the plasma is 
not ignited may lie outside this band. To eliminate the need for RF shielding of the induction coil 3 the 
control loop means 36 incorporates limiting means for preventing the VCO frequency moving outside the 
permitted band. These limiting means comprise a voltage comparator 37 which compares the analogue 

w correction signal on input 39 to fixed voltage limits which correspond to the voltages which would set the 
VCO to the frequency limits of the permitted band. If the correction signal reaches either limit, comparator 
37 generates a signal on connection 44 which prevents the control means 36 increasing the correction 
signal further. Consequently, the VCO frequency may not be allowed to adjust to the true resonant 
frequency of matching network 32 in the absence of an ignited plasma and the reflected power may rise to 

75 a high value (perhaps as high as a VSWR of 15:1). 

In order to prevent damage to the amplifier 29, RF generator protection means 44 are implemented in 
software in digital computer 40. Protection means 44 are responsive to the magnitude of the reflected 
power as measured by the reflectometer 31 and operate to limit the output of amplifier 29 to a safe value 
(typically less than 400W) under adverse matching conditions by means of a signal applied to a control loop 

20 means 45 (described in detail below) which controls the amplifier power output. Protection means 44 
incorporates a time delay of approximately 1 second before it operates to reduce the power output of 
amplifier 29 to facilitate the ignition of the plasma, as discussed below. 

The input impedance characteristics of the matching network 32 constructed with the component values 
listed in Table 1 are shown in figure 4. 

25 

TABLE 1 



COMPONENT 


VALUE 


Capacitor 27 


380 pF 


Capacitor 28 


112pF 


Inductor 33 


126 nH 


Plasma induction coil 3 


393 nH 


Stray Capacitance 41 


*»5 pF 



Referring to Figure 4, curve 46 shows the variation of the input impedence Z with frequency in the 
presence of an ignited plasma, and curve 47 illustrates the case in the absence of an ignited plasma. 
Dotted lines 48 and 49 represent the limits in which the VCO frequency is constrained to lie by the action of 
the voltage comparater 37 on the control loop means 36. At the point of resonance 50 on curve 46 the input 
impedance is substantially 50 ohm resistive so that the VSWR as monitored by reflectometer 31 is low 
(typically 1.05 - 1.20) However, figure 4 shows that in the absence of the ignited plasma, the resonance is 
less pronounced and, with the torch used in this preferred embodiment, outside the frequency range 
defined by limits 48, 49. Plasma ignition means comprising a discharge electrode 51 connected to a high- 
frequency relaxation oscillator 52 is provided to enable automatic ignition of the plasma. 

The mode of operation of the system on start-up is as follows. First, the required gas flows are 
established in the torch 1 and the RF generator turned on. Because the plasma is not ignited, the VCO 
frequency will be driven to the limit 48 and the input impedance of the network 32 will be represented by 
the point 53 (figure 4). This represents a considerable mismatch so that the protection system 44 will be 
triggered, but this does not reduce the power output of amplifier 29 for approximately 1 second. The 
network is such that during this period approximately 300-400 watts of forward power is delivered to the 
plasma induction coil 3. Immediately the RF generator starts, computer 40 turns on the relaxation oscillator 
52 which causes a discharge from th electrode 51 , introducing seed electrons into the plasma and causing 
ionization. As a plasma begins to form, because the point 53 is within the resonant dip of curve 46, the 
input impedance of the matching network 32 will begin to track towards point 50 as the whole of curve 47 
begins to move towards curve 46 and the input impedance falls. This favourable change in impedance is 
immediately translated into an increase in forward pow r to the coil 3 which further assists the plasma 
formation, moving curve 47 still closer to curve 46. As soon as the resonant point 54 in curve 47 reaches 
the limit 48 the VCO frequency will lock to the resonant frequency and the input impedance will tend rapidly 
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towards a proper match, allowing the full power to be applied to the coil 3 and fully establishing the plasma. 
The oscillator 52 is turned off as soon as the plasma begins to form. Typically the ignition is completed 
before the protection system 44 causes the output power of the amplifier 29 to be reduced, but this is not 
essential. It is only necessary that sufficient forward power is fed to the coil 3 to maintain the movement of 
the curve 47 towards curve 50 until the point 54 reaches the limit 48, at which point the oscillator 26 will 
lock and maximum power transfer is assured. This requirement is easily met providing that pont 53 lines 
within the resonant dip of curve 46, as indicated in figure 4. Matching networks to suit different types of 
torches, etc. may be designed according to these principles using conventional RF circuit design tech- 
niques, for example by a network analysis based on the use of a Smith chart. 

Power stabilization of the RF amplifier 29 is provided by a control loop means 45, also implemented in 
software in computer 40, which responds to the forward power signal on output 35 of the reflectometer 31 
and generates a power control signal of a power control input 38 of the amplifier 29. This loop stabilizes the 
power output to an operator demanded value entered into computer 40 by a keyboard or from a suitable 
control program. The protection means 44, after being triggered, responds after the time delay described 
above by overriding the demanded value and setting the output at a safe level having regard to the degree 
of mismatch indicated by the ratio of the reflected and forward powers measured by reflectometer 31 . 

The invention therefore provides an efficient method of controlling the RF generator and ensuring 
optimum power transfer under all conditions of the plasma. It ensures that the operating frequency always 
remains within the governmentally determined frequency band limits and yet provides automatic ignition of 
the plasma without the need for motor driven capacitors. Further, the generator can be mounted remotely 
from the plasma torch which greatly facilitates instrument construction. 

Claims 

1. An inductively-coupled plasma mass or emission spectrometer having a plasma induction coil, a radio- 
frequency power generator whose frequency is determined by an analogue frequency control signal 
and a matching network comprising only fixed-value electrical components for efficiently transferring 
power from said generator to said plasma induction coil, said spectrometer characterized by reflec- 
tometer means disposed between said generator and said matching network for generating a signal 
indicative of the reflected power at the output of said generator and frequency control loop means for 
generating said control signal in response to said signal indicative of the reflected power whereby the 
frequency of said RF power generator is adjusted to maintain said reflected power at a minimum. 

2. A spectrometer as claimed in claim 1 wherein said RF power generator comprises an oscillator whose 
frequency is determined by said analogue frequency control signal which drives a solid-state radio 
frequency amplifier, and wherein said matching network and plasma induction coil are connected to 
said amplifier via a transmission line. 

3. A spectrometer as claimed in claim 1 wherein the output power of said RF power generator is 
determined by an analogue power control signal and said reflectometer means further generates a 
signal indicative of the forward power delivered by said generator to said matching network and 
wherein power control loop means, responsive to said signal indicative of the forward power and to an 
operator demanded power level, are provided to generate said analogue power control signal to 
stabilize the output of said generator to said operator demanded power level. 

4. A spectrometer as claimed in claim 3 wherein said reflectometer means comprise a bi-directional 
coupler which generates signals indicative of both the forward and the reflected powers. 

5. A spectrometer as claimed in any preceding claim further comprising:- 

a) analogue-to-digital conversion means for digitizing said signal indicative of reflected power, 

b) digital computing means for implementing said frequency control loop means in software, said 
digital computing means being responsive to said digitized signal indicative of reflected power and 
generating therefrom a digitized frequency control signal, and 

c) digital-to-analogu conversion means for converting said digitized frequency control signal to an 
analogue control signal for controlling the frequency of said power generator. 

6. A spectrometer as claimed in claim 1 or 4 or claim 5 when dependent on claim 3 or 4, further 
comprising;- 
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a) analogue-to-digital conversion means for digitizing said signal indicative of forward power; 

b) digital computing means for implementing said power control loop in software and for gen rating 
a digitized power control signal, said digital computing means being responsive to said digitized 
signal indicative of forward power and to said operator demanded power level; and 

5 c) digital-to-analogue conversion means for converting said digitized power control signal to said 

analogue power control signal. 

7. A spectrometer as claimed in any preceding claim wherein said reflectometer means generates signals 
indicative of both forward and reflected powers and the output of said generator is determined by an 
analogue power control signal, and wherein power control loop means responsive to said signal 
indicative of forward power and an operator demanded power level are provided to generate said 
analogue power control signal, said spectrometer further comprising:- 

a) analogue-to-digital conversion means for digitizing both said signal indicative of forward power 
and said signal indicative of reverse power; 

b) digital computing means for implementing in software both said frequency control loop and said 
power control loop, and for generating a digitized frequency control signal in response to said 
digitized signal indicative of reflected power and a digitized power control signal in response to said 
digitized signal indicative of forward power and said operator demanded power level; and 

c) digital-to-analogue conversion means for respectively converting said digitized power control 
signal to said analogue power control signal and said digitized frequency control signal to said 
analogue frequency control signal. 

a A spectrometer as claimed in any preceding claim wherein limiting means are provided to limit the 
magnitude of said analogue frequency control signal to constrain the frequency of said generator to lie 
25 within a predetermined frequency band. 

9. A spectrometer as claimed in any preceding claim wherein RF generator protection means responsive 
to said signal indicative of reflected power are provided to reduce the power output of said generator to 
a safe level when said reflected power exceeds a predetermined value. 

30 

10. A spectrometer as claimed in claim 9 wherein means are provided to delay the operation of said RF 
generator protection means for a predetermined time after said signal indicative of reflected power 
exceeds said predetermined value. 

35 11. A spectrometer as claimed in claim 3 and any of claims 4 to 10 when dependent on claim 3 further 
comprising plasma ignition means operative-when said generator is switched on, limiting means for 
limiting the magnitude of said analogue frequency control signal to constrain the frequency of said 
generator to lie within a predetermined frequency band, and protection means, responsiye to said 
signal indicative of reflected power and operative a predetermined time after the reflected power 

40 exceeds a predetermined value, wherein said power control loop is also responsive to the operation of 
said protection means to reduce the power output of said generator to a safe level, and wherein said 
predetermined time is longer than the time required for the resonant frequency of said matching 
network to move within said predetermined frequency band during the plasma ignition process. 

45 12. A spectrometer as claimed in claim 7 further comprising plasma ignition means operative when said 
generator is switched on and wherein: 

a) said digital computing means for implementing in software said frequency control loop further 
comprises limiting means for limiting said digitized frequency control signal to constrain the 
frequency of said generator to lie within a predetermined frequency band; and 

so b) said digital computing means for implementing in software said power control loop means further 

comprises protection means responsive to said signal indicative of reflected power and operative to 
reduce the output power of said generator to a safe level a predetermined time after said reflected 
power exceeds a predetermined value; and 

c) said predetermined time is longer than the time required for the resonant frequency of said 
55 matching network to move within said predetermined frequency band during the plasma ignition 

process. 
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13. A method generating an inductively coupled plasma for use in a mass or emission spectrometer, said 
method comprising gen rating radio-frequency power at a frequency determined by an analogue 
frequency control signal, transmitting said power to a plasma induction coil via a matching network 
comprising only fixed value electrical components, generating a signal indicative of the refLcted power 
at the input of said matching network, and generating said analogue frequency control signal in 
response to said signal indicative of reflected power to minimize said signal indicative of reflected 
power. 

14. A method as claimed in claim 13 wherein said radio-frequency power is generated at a power level 
determined by an analogue power control signal, said method further comprising generating a signal 
indicative of the forward power at the input of said matching unit and generating said analogue power 
control signal to stabilize said signal indicative of forward power to an operator demanded level. 

15. A method as claimed in claim 14 further comprising the steps of digitizing both said signals indicative 
of forward and reverse powers, respectively computing from said digitized signals digitized power 
control and digitized frequency control signals, and respectively converting said digitized power and 
frequency control signals to said analogue power and frequency control signals. 

16. A method as claimed in claim 14 further comprising the steps of limiting said analogue frequency 
control signal to constrain the frequency of said generator in a predetermined frequency band, reducing 
after a predetermined time the output power of said generator if said signal indicative of reflected 
power exceeds a predetermined value. 

17. A method of establishing a stable plasma in an ICP plasma emission or mass spectrometer having 
plasma ignition means, said method comprising the, method of claim 16 and the further step of 
commencing to generate said RF power and simultaneously operating said plasma ignition means, and 
wherein said predetermined time is longer than the time required for the resonant frequency of said 
matching network to move within said predetermined frequency band during the plasma ignition 
process. 
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